The occurrence of 'algal bloom', caused by the mass proliferation of phytoplankton, causes serious problems in streams and lakes in Korea. Therefore, in this study, the phytoplankton filter-feeding trait of Unio douglasiae, a type of freshwater clam, was used to reduce the algal bloom in outdoor water tanks during the summer. This involved the construction of a U. douglasiae cultivation apparatus, wherein 1,000 clams were divided into 8 rectangular baskets arranged in the shape of an empty square. The control tank was manufactured in exactly the same shape within the water tank, but without the addition of clams. The algal bloom-reducing effect of U. douglasiae was confirmed by the measurement of (and comparing between) the water quality at the center and periphery of the test and control cultivation apparatus. Water quality measurements included the measurement of water temperature, pH, turbidity, dissolved oxygen (DO) content, and chlorophyll-α concentrations; the water quality was measured twice a month between June and November 2014.The results of these analyses did not show a significant difference in water quality (temperature, pH, turbidity, DO) between the center and periphery of the test and control tanks. However, the chlorophyll-α concentration was observed to be much lower at the center of the test tank compared to that at the center and periphery of the control tank, as well as at the periphery of the test tank. This was believed to be a result of the U. douglasiae surrounding the center of the test tank, which prevented the influx of plankton from the periphery. Accordingly, the results of these analyses suggest the possibility that U. douglasiae cultivation could reduce the proliferation of algal blooms in lakes and streams during the summer. In particular, these results indicate possible improvements in U. douglasiae activity (reduction in algal blooms) by their effective arrangement in the water bodies.
Introduction
Eutrophication refers to a state wherein a water system contains large quantities of carbon, nitrogen, and phosphorus; these conditions lead to the abnormal, large-scale proliferation of algae in water (Kim et al., 1995; Park et al., 1998; Kim et al., 1999) . The specific meanings of terms used to describe this phenomenon, such as green tide, water-bloom, or harmful algal-bloom (HAB) are different; however, they are sometimes assumed to refer to the same thing. The algal bloom or green tide phenomenon is visually unpleasant, causes public sanitation issues because of the toxic substances released by cyanobacteria, and is responsible for large-scale damage, such as ecosystem destruction caused by the depletion of dissolved oxygen and financial loss from the decline in the agricultural and industrial value of the water as well as its use for drinking purposes (Persson, 1982; Codd and Poon, 1988; Watanabe et al., 1994) .
Some methods suggested to reduce the damage caused by mass algal proliferation include the physical removal of algae, the use of chemical removers, and biological methods (Wang et al., 2011) . Among the biological methods, aquatic plant cultivation (Shim and Han, 1998; Kong and Cheon, 1999) and the installation of artificial plant islands (Kwon, 1999) have been effectively used to reduce the amount of nutrient salts, the primary cause of algal blooms, in water bodies. On the other hand, algae that have already bloomed can be killed using ultrasound (Hedge, 2013) , or can be reduced by the introduction of water fleas (Yan et al., 2012) or filter-feeding shellfish (Reeder, 1989; Reeder and Vaate, 1992; Smit et al., 1993) , which eat algae.
The control of algal outbreak using shellfish involves the use of filter-feeders that filter phytoplankton, bacteria, protozoa, and abiotic particles of various sizes. This filtering mechanism has a large influence on the control of particles in water, and is known to cause changes in the colonies of aquatic plankton, increase transparency within the water system, and affect the cycling of substances within the aquatic ecosystem (Dame et al., 1985; Reeders et al., 1989; Arnott and Vanni, 1996; Vaughn and Hakenkamp, 2001; Hwang et al., 2001; Kim, 2004) .
Various bivalves are living in the streams and freshwater lakes of South Korea. Of these, Unio douglasiae, a representative freshwater clam from Korea, presents several advantages, including a lower amount of excretion into the water, and higher chlorophyll-α-decreasing rate, compared to other mollusks (Kim, 2004) . In particular, U. douglasiae displays an excellent capacity to feed on Microcystis aeruginosa, which is a major cause of summer algal blooms. Therefore, it is considered a useful organism for the control of algal blooms caused by eutrophication (Lee et al., 2008) .
So far, several studies analyzing the control of phytoplankton using U. douglasiae have been conducted in laboratories, or, when conducted outside, have focused on testing for short-term effects within 10 days; therefore, the reducing effect of U. douglasiae on algal blooms in actual streams and lakes remains to be confirmed. Therefore, the major objective of our study was to confirm the phytoplankton-reducing effect of U. douglasiae in a (constructed/man-made) large-scale outdoor environment. In addition, the spatial arrangement of U. douglasiae was taken into account when performing the experiment with the aim of developing a high-efficiency algal bloom-removal apparatus; this included placing the clams in a square with an empty middle region, and comparing the chlorophyll-α concentrations in the center and periphery of the container.
Experimental Methods

Mollusk collection
Unio douglasiae used in this experiment were collected from the Boryeong region in
Chungcheongnam-do, South Korea. Approximately 1,000 adult clams were selected and transported to the experimental setup. Subsequently, the length, height, breadth, and total mass of 100 arbitrary specimens were measured.
U. douglasiae cultivation facility
The U. douglasiae cultivation facility (test tank) 
Water quality analysis
The water quality of the cultivation area was measured and compared between the test (with clams) and control (without clams) groups every 2 weeks; the water was collected separately from the central and peripheral areas for quality analysis. This study was conducted for a total of 14 weeks (Fig. 2) . The water quality was measured using a single value for the central area and an average value from 4 locations for the periphery. The water quality was measured using a water quality meter (WQC-22A Multi-parameter Water Quality Meter-22A; DKK-TOA, Tokyo, Japan), which facilitated the on-site evaluation of the water temperature, pH, conductivity, turbidity, and dissolved oxygen (DO) content.
Determination of the chlorophyll-α content
The change in chlorophyll-α concentration was measured as follows: water samples (1 L) were filtered using a GF/C filter (Whatman Inc.; GE Healthcare, Buckinghamshire, UK); chlorophyll-α was extracted using 90% acetone for 24 h in a cool, dark environment.
The extract was separated by centrifugation for 20 min, and the absorbance of the supernatant was measured to determine the chlorophyll-α content.
Size and weight of U. douglasiae
The individual length, height, breadth, and total weight of 100 randomly selected clams was measured immediately prior to and after the experiment.
Statistical analysis
Each group was subjected to a T-test, using the SPSS v.12.0 software platform (SPSS Inc., Chicago, IL). The significance between mean values was determined at a confidence level of 95%.
Experimental Results
Water quality analysis
Measurements of the water temperature in the cultivation facilities during the clam cultivation period showed a consistent temperature of 26°C from June to July; however, the temperature increased to 28°C at the end of July, subsequently decreasing to approximately 18°C by the end of the experimental period (mid-November). These results were the same in the control and test tanks ( 
Chlorophyll-α concentration in the cultivation tanks
The chlorophyll-α concentration in the control and test cultivation tanks rose drastically (to its highest value) at the start of the study in early July; however, the concentration decreased rapidly subsequently in both tanks. The average chlorophyll-α concentration at the periphery (based on the measurement at 4 peripheral points) of the test tank was determined to be 69.2 μg/L, which was lower than that at the periphery of the control tank (81.4 μg/L); the chlorophyll-α concentration at the periphery of the test tank remained below that of the control tank even at the end of July, when the concentration began to decline (Fig. 3) . However, the chlorophyll-α 
Discussion
Water from Korean streams and lakes is widely used for agricultural, industrial, and drinking purposes. However, the water bodies are characterized by very large changes in volume depending on the season. Therefore, a large number of dams and weirs have been constructed to alleviate these seasonal changes. However, these dams and weirs weaken the flow of water, leading to an increased possibility of eutrophication resulting from the influx of pollutants from the outside; this would ultimately lead to mass proliferation of phytoplankton in freshwater ecosystems, typified by the 'green tide' phenomenon (Lee et al., 2014; Rhew et al., 2014) . However, the cultivation of U. douglasiae for the reduction of aquatic plankton is not very feasible. Yang et al. (2004) reported that the concentration of clams required to reduce the aquatic plankton would amount to approximately 0.1% of the total volume of water. In addition, the pseudofeces excreted during mass cultivation results in an additional increase in the organic matter. Consequently, a plankton-reducing effect using U. douglasiae can be obtained by establishing appropriate management techniques for the mass cultivation of clams (Park et al., 2008) .
In order to solve the problem associated with mass clam cultivation and to have the plankton-reducing effect, we conducted growing the clams in 16 rectangular baskets, which were used to fashion a clam cultivation facility in the shape of a square frame with an empty middle region. The chlorophyll-α concentration was observed to be lower in the center of the test tank than in the center of the control tank, as well as the periphery of the test tank. This was attributed to the U. douglasiae surrounding the center of the test tank, which prevented the influx of plankton from the periphery. Therefore, we believe that this method of arranging clams could be useful for the efficient management of U. douglasiae, and could facilitate the reduction in plankton concentration in areas with limited intake.
